Cognitive impulsivity is a heritable trait believed to represent the behavior that defines the volition to initiate alcohol drinking. We have previously shown that a neuronal Toll-like receptor 4 (TLR4) signal located in the central amygdala (CeA) and ventral tegmental area (VTA) controls the initiation of binge drinking in alcohol-preferring P rats, and TLR4 expression is upregulated by alcohol-induced corticotropin-releasing factor (CRF) at these sites. However, the function of the TLR4 signal in the nucleus accumbens shell (NAc-shell), a site implicated in the control of reward, drug-seeking behavior and impulsivity and the contribution of other signal-associated genes, are still poorly understood. Here we report that P rats have an innately activated TLR4 signal in NAc-shell neurons that co-express the a2 GABA A receptor subunit and CRF prior to alcohol exposure. This signal is not present in non-alcohol drinking NP rats. The TLR4 signal is sustained by a CRF amplification loop, which includes TLR4-mediated CRF upregulation through PKA/CREB activation and CRF-mediated TLR4 upregulation through the CRF type 1 receptor (CRFR1) and the MAPK/ERK pathway. NAc-shell Infusion of a neurotropic, non-replicating herpes simplex virus vector for TLR4-specific small interfering RNA (pHSVsiTLR4) inhibits TLR4 expression and cognitive impulsivity, implicating the CRF-amplified TLR4 signal in impulsivity regulation.
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Introduction
Cognitive impulsivity is a heritable trait generally defined as a tendency to act without thinking that correlates with drug addiction and is believed to represent the ethanol-seeking behavior, which precedes steady alcohol consumption (Beckwith and Czachowski, 2014; Oberlin and Grahame, 2009 ). Stressor-induced elevations in the corticotropin-releasing factor (CRF) system regulate impulsivity and play a key role in the transition to escalated drug taking, including excessive ethanol drinking (Gondre- Lewis et al., 2016; Lowery-Gionta et al., 2012) . However, the genes that regulate the predisposition to initiate alcohol drinking, their potential interaction at distinct brain sites, and their contribution to impulsivity, if any, are still poorly understood.
Toll-like receptors (TLRs) are largely recognized as neuroimmune signals located in neurons and glial cells (Takeda and Akira, 2015) . An extensive body of literature has associated one of the TLRs, TLR4, with a lifetime of alcohol consumption and adaptation during ethanol exposure, likely involving differentially activated neuronal and glial signaling pathways. This includes the findings that systemic injection of the TLR4-specific ligand, bacterial endotoxin lipopolysaccharide (LPS) increases voluntary alcohol consumption in mice, and human alcoholics have elevated levels of plasma LPS (Alfonso-Loeches et al., 2016; Blednov et al., 2011; Breese and Knapp, 2016; Crews et al., 2017; Leclercq et al., 2012; Pandey, 2012; Pascual et al., 2011) . Pharmacologic and genetic studies suggested that alcohol induces CRF signaling in the central amygdala (CeA) and it plays a significant role in the maintenance of addiction, apparently via activation of the CRF1 receptor [CRFR1] (Dedic et al., 2017; Gondre-Lewis et al., 2016; Koob et al., 2014 , Lowery-Gionta et al., 2012 Phillips et al., 2015) .
We have previously shown that alcohol-preferring (P) rats, which fulfill most of the criteria for an animal model of human alcohol abuse (Bell et al., 2006) , have a neuronal TLR4/monocyte chemoattractant protein 1 (MCP-1) signal located in the CeA and the ventral tegmental area (VTA) that controls the predisposition to initiate alcohol drinking and is regulated by the c-aminobutyric acid A (GABA A ) receptor a2 subunit (a2). Significantly, however, this
